Abstract. An array of 1, 4-dihydropyridines (DHP) derivatives was synthesized by Hantzsch three-component reaction of aromatic aldehydes, ethyl acetoacetate, and ammonium acetate using trichloroisocyanuric acid (TCCA) as an e cient catalyst in aqueous media. The proposed method was operationally simple and to make the process benign to the environment, water was used as a reaction medium. No aromatization of dihydropyridines products was done in the presence of TCCA as an oxidant.
Introduction
Dihydropyridines (DHP) derivatives have been the topic of discussion as they attracted great interest because of their widespread biological characteristics and chemical activity in medicinal and organic chemistry [1] . They are applied as antiatherosclerotic, geroprotective, antitumour, antidiabetic, and hepatoprotective agents [2] [3] [4] ; anticancer drugs to prevent kinesin motor proteins [5, 6] ; Rho-kinase inhibitors [7] ; anti-HIV drugs [8] ; organocatalysts for asymmetric reactions such as asymmetric reductive amination of aldehydes [9] , hydrogenation of quinolines in the synthesis of alkaloids [10] , and hydrogenation of , -unsaturated aldehydes and ketones [11, 12] ; etc. DHP drugs, which are called nifedipine, nicardipine, and amlodipine, are cardiovascular agents used for the purpose of the treatment of hypertension [13, 14] .
Providing of 1, 4-DHP was rst proposed by Arthur Rudolf Hantzsch in 1881 via a simple one-pot, three-component condensation reaction of aromatic aldehyde, ammonium acetate, or ammonia and ethyl acetoacetate in acetic acid or by re uxing at the presence of alcohols [15] . Dihydropyridines (DHP) have gained great importance because of their capabilities for synthesis using methods and materials such as microwave irradiation [16] , molecular iodine [17] , cyanuric chloride [18] , Ga(OTf) 3 [19] , silica gel/NaHSO 4 [20] , hydrotalcites (HT) [21] , TMSCl-NaI [22] , high temperatures [23, 24] , InCl 3 [25] , MgO and TiO 2 nanoparticles [26, 27] , SiO 2 /HClO 4 [28] , CAN [29] , melamine trisulfonic acid [30] , Na-and Cs-Norit carbons [31] , fermenting Baker's yeast [32] , PPh 3 [33] , Candida antarctica lipase B [34] , Cu(OTf) 2 [35] , Zr(NO 3 ) 3 [36] , uorinated solvents [37] , ZrOCl 2 [38] , PTSA/SDS [39] , FePO 4 [40] , etc. Trichloroisocyanuric acid, 1,3,5-trichloro-1,3,5-2,4,6,-(1H,3H,5H)-trione (TCCA) was rst o ered in 1902 by Chattaway and Wadmore (Figure 1 ) [41] .
As it can be seen in the structure stated above, TCCA belongs to the large group of N-chloroimides and amides as a subgroup of more general Nchloroamines. N-chloroamines are inorganic or organic nitrogen compounds with at least one chlorine atom that is attached to nitrogen. Recently, TCCA has [42, 43] . In order to continue our e ort as a solution to the development of e cient synthetic procedures for multicomponent reactions, we focused on the synthesis of dihydropyridines (DHPs) via the practical synthesis of these compounds using a catalytic amount of TCCA.
Result and discussion
The main objective of this study was to propose a new catalytic and environmentally benign protocol for the synthesis of new derivatives of 1,4-DHPs. The researchers used TCCA as a source of H + to catalyze the given reaction and found it a good catalyst for the preparation of dihydropyridines derivatives (Scheme 1).
25 mol% TCCA was employed to catalyze the typical three-component condensation of ethyl acetoacScheme 1. Synthesis of 1, 4-dihydropyridines (DHP) in the presence of TCCA etate, benzaldehyde, and ammonium acetate under various solvents as collected in Table 1 .
As the data in Table 1 reveals, H 2 O produced trace amount of the desired product after 2 h at room temperature, while in re ux it o ered better yields (Table 1 , entries 5 and 6). Ethanol can produce the ideal amount of 90% yield (Table 1 , entry 1). The produced yield was recognized to be a little bit lower (88%) when H2O was used together with ethanol (Table 1 , entry 2). To make the synthesis environmentally beginning, water/ethanol (1:1) solvent system was used as optimized solvent.
Since TCCA was produced as a suitable catalyst for the reaction in 1:1 ethanol/water media, it can be observed that e orts were made to maximize the catalyst load for the three-component reactions, which led to the quick formation of dihydropyridines derivatives. The research on the present optimization revealed that the produced yield increased softly with the catalyst load up to 30 mol%. The use of greater and lower amounts of the catalyst lowered down the yields (Table 1 , entries 12 and 11). However, attention to the proposed mechanism in Scheme 2 reveals that increasing the amount of catalyst (35 and 40%) may increase the byproducts (1,3,5-triazinane-2,4,6-trione, H 2 O 2 , and Chloroethane) in reaction media and reduce the interaction of starting materials that caused the yield to decrease slowly (entries 12 and 13). A negligible amount of the product was formed in the absence of catalyst.
In order to have control over the viability of this protocol in obtaining a library of 1,4-DHPs derivatives, a sequence of aryl aldehydes was injected to react with ethylacetoacetate and ammonium acetate in the presence of 30 mol% of TCCA. The summary of the results are displayed in Table 2 .
As can be seen in Table 2 , in all the cases, the Scheme 2. The proposed mechanism for the synthesis of 1, 4-dihydropyridines using TCCA. aromatic aldehydes possessing di erent substituents (electron-donating or electron-withdrawing groups) were converted into the corresponding products in good yields for good reaction times (40-230 min) under the optimized reaction conditions. The highest yield belonged to 4a (92%) that may be because of the absence of Steric hindrance.
In order to present the e ciency of the selected method, Table 3 compares the results that were achieved in the present study with some of those which were proposed and discussed in the literature.
It has to be noticed that we have not yet been able to produce the mechanism of one-pot three-component reaction between benzaldehyde derivatives, ethyl acetoacetate, and ammonium acetate in the presence of TCCA; however, the researchers proposed TCCA in water, which produced hypochlorous acid, that reacted with water to form hydrochloric acid and hydrogen peroxide (the structure of 1,3,5-triazinane-2,4,6-trione It is interesting to note that the use of TCCA/TEA was found to be very e cient for the dehydrogenation of 1,4-dihydropyridines in DMF, such as guanidinium nitrate in the presence of silica sulfuric acid [42, 44] . But, in this work, no aromatization happened, which might be due to the aqueous media that allowed HClO to convert into HCl.
In summary, TCCA was found to be a new ecient catalyst for the synthesis of 1,4-dihydropyridines, which was prepared via the condensation reaction of aromatic aldehyde, ethyl acetoacetate, and ammonium acetate using TCCA that was used as a homogenous, neutral, stable, non-volatile, cheap, safe, and commercially available catalyst under aqueous media. All the reactions were carried out and controlled within 1-4 h in water/ethanol and re ux condition. It was felt that column puri cation of the products was not necessary. General applicability, mild reaction conditions, and environmental benignity were the most important advantages of the procedure used in the study.
Experimental 3.1. Materials and methods
Commercially available starting materials used in this work were procured from Aldrich or Merck Chemical Co. M.P.: Electrothermal-9100 apparatus, uncorrected. IR spectra: Perkin-Elmer FT-IR 240-C spectrophotometer (KBr, in cm 1 ). NMR spectra: Varian 400 MHZ ( 1 H NMR) and 100 MHz ( 13 C NMR) spectrometer using TMS as internal standard and DMSO-d 6 
